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INTRODUCTION 
Soybeans have recently increased in importance as an a.lternative 
crop throughout the corn belt and parts of the South. In South Dakota 
this has involved the expansion of soybean production into less well 
adapted cropping environments. Because of considerable interest in 
bean production under irrigati6n, a need for information on the 
management of irrigation water has developed, to assure high yields 
in these marginal areas. 
The increasing demand for limited supplies of irrigation water, 
the marg~~al or poor quality of many of these waters, dnd the 
increasing awareness of the energy cost of irrigating have all 
intensified the necessity to determine the optimum management of 
minimal irrigation water. 
The questions in the minds of irrigators are p~imarily (1) are 
there really critical perio~s during growth and development of the 
soybean for water adequacy? and, (2) what is the profit maximizing 
point on the yield - irrigation water curve? 
Inasmuch as only about 25 per cent .of the total flowers produced 
by soybeans are carried to maturity; the impact of reproductive 
abortiveness and the ·conditioning effect of soil water on this 
phenomenon as a yield limitation in soybeans is apparent. However, 
sufficient variation occurs in these losses to account for significant 
differences in yield, indicating that some abortiveness may be a 
management consequence. It appears from other wor.k that the flowering-
pod set stages of reproduction may be the key periods and it was decided 
to investigate this proposition. 
2 
My hypothesis was that a defined soil moisture deficit would 
exert an unfavorable moisture response in the plant, which, if imposed 
at a reproductively critical period of development, would be reflected 
in increased levels of flower and/or pod abort:on, and thus a reduced 
·yield potential. 
The study reported in this thesis was initiated to determine 
water management for most efficie-nt use of a limited water supply. I 
expanded the scope of the work to test effects of soil moisture 
rleficits during selected stages of plant development on plant stress, 
reproduc~ive activity, yield, and yield components. 
3 
REVIEW OF LITERATURE 
PHYSIOLOGY 
The problem of environmental water deficits has long been 
recognized as one of the chief factors limiting soybean production. In 
an arid climate under sprinkler irrigation, Dominguez et ~- (10) 
found an excellent relationship between average daily real evapotran-
spiration during the flower and pod formation period, and yield 
(correlation coefficient= 0.90). 
lugg (19) hypothesized that a major limitation to soybean yields 
was a les~ than adequate supply of photosynthates, thus limiting 
nit~ogen uptake by the roots. His approach of identifying genotypes 
with high photosynthetic rates resulted in a relatively consistent 
ranking of varieties over 3 years. 
Using aluminum foil reflectors which enriched the amount of 
photosynthetically active radiation received .by plants S7 per cent, 
Schow · et~. (23) showed __ that treatment during 14 days of late 
·flowering-early pod fill increas.ed total pods at maturity by 48 per 
cent, and total seed weight· by 57 per cent. 
Similar responses were the result of nitrogen nutrition treatments 
applied during flowering and pod filling, when flower abortion was · 
reduced from 55 to 45 per cent, with corresponding 32 per cent 
increases in yield {7). 
Relative turgidity in the upper exposed leaves, as a measure of 
internal water balance, was linearly related to the average soil matric 
potential over the range of 0 to -5 bars (18). Effects of soil 
moisture supply and atmospheric demand on daily transpiration rate 
were shown to be closely related with the level of mid-afternoon 
stress in the canopy. 
Water transport studies showed that soybean has a higher 
resistance to water movement than corn or sunflower, and that this 
resistance is associated with the roots (3). Root resistance could 
· be kept reasonably low by infecting the roots with mycorrhizal fungi, 
which act by enhancing the nutrient status of the plant. 
In desiccation studies Boyer (2) found that net photosynthesis 
of soybec;,s was not affected until leaf water potentials ('¥leaf) fell 
below ~11 bars, whereas corn photosynthesis became inhibited whe~ 
Vle~f dropped below -3.5 bars~ These differences, attributed to 
differences in stomatal behavior, indicate that in spite of the 
higher rate of photosynthesis (C-4 dicarboxylic acid pathway) in 
corn, soybeans may be compet,itive with their superior ability to 
tolerate desiccation without sustaining tissue ·damage. 
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·sammons ·et ~· (22) noted _that soil moisture shortages drastically 
reduced leaf and stem growth without a corresponding ~leaf response. 
leaves of stressed plants were smaller. With more solar radiation 
being captured per unit leaf area, transpiration and photosynthesis 
increased. Slightly yellow stressed leaves allow more sunlight -
penetration to lower leaves so more of the total leaf area is involved 
in photosynthesis. Such morphological responses to water stress 
indicate mechanisms which may result in yields not being reduced as 
much as might be expected. 
FLOWERING 
Soybean flowering is a photoperiod-sensitive response. · Flower 
and pod abscission significantly reduce soybean yield potential under 
both ideal and stress conditions (17,21), so flower shedding must be 
regarded as a natural adjustment to growth conditions. 
Shedding refers to the dropping of flowers before they reach the 
pod stage. Estimates of flower and pod losses range from 40 - 90 per 
cent of flowers formed. The greatest amount of shedding occurs during 
the very early stages of embryo development immediately following 
fertiliz~·tion, days 3- 15 (17,27); however, fertilization failure has 
a negl.igible role in floral abscission (1). 
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Abernathy et ·~. (1) noted that abortive ovules within ovaries of 
abscising flowers were in the 4 - 8 cell pro-embryo stage. They 
theorized that the cessation of pro-embryo ·development at this stage 
is probably significant in the subsequent abscission of . the flower~ 
either as a result of ~eclining levels of cell ·division-mediating 
factors, or increasing levels of inhibitory hormones. Expanding this 
work, ·Huff and Dybing (16) ·found pod set to be greatest at the base of 
flowerJng racemes, and that removal of basal flowers increased pod set 
at distal positions. This evidence s.uggests that soybean flower -
abscission is induced in distal flowers by unidentified substan-ces 
·from more proximal fertilized ovaries. Indole-3-acetic acid (IAA) will 
partially mimic the effect of these substances. 
Failure of ovules to develop to mature seeds is termed abortion. 
Abortiveness ranges from 10 - 40 per cent in soybeans. Abortion of 
ovules occurs throughout the development period, but most frequently 
in the late pro-embryo - early cotyledon differentiation stages, 
6 
15 ~ 25 days post flowering (17). For embryo cells the rapid growth 
period is days 20- 25 after pollination. During this young pod stage 
each pod and ovule is growing competitively. Kato and Sakaguchi (17) 
assumed that slowing cell elongation, caused by lack of moisture, was 
the first step leading to an imbalance of cell growth and division, 
cessation of cell development, shrinking of the nucellus and endosperm, 
and ultimately an abortive ovule. The abortive ovule apparently acts 
as a sigt:Jl for the pod to be abscised. Pod abscissions account for 
1/3- l/2 of total losses of .reproductive structures, and few 
abscised pods contain developed seeds (27). 
Patel (20) observed that plant tips have proportionately more 
·. abortions. This was attributed to the plant having susceptible 
· immature pods at these sites throughout the reproductive phase. 
· Attempts to increas~ yield by raisi·ng plant populations resulted 
in decreased total number of fl~wers produced per plant; final number 
. of pods per plant being the yield component most affected (11,14). 
The percentage of reproductive structures aborted significantly 
increased with plant population, such that yield responses represented 
only twice the amount of extra seed planted. However, increasing plant 
density decreased the percentage contribution from the lower portion 
of the plant. This would be beneficial in reducing harvest losses. 
Although flower production is higher under long days and at high 
temperatures, pod setting effic1encies (pods harvested:total flowers 
formed) were comparable to controls under long day treatments, but 
very poor in high temperature treatments (9,30) . 
IRRIGATI ON RESPONSE 
7 
Var i ous workers have studied the effect of water stress duri ng 
different stages of growth, on soybean yiel d. Stresses at flowering, 
pod development and pod filling were compared by Bunce et ~· (8). 
Yield was most severely reduced by stress duri ng pod filling, with 
decreased average weight per seed making the major contribution. Yield 
was leas t affected by stress during floweri ng (8 ,12,24). In these 
latter experiments, yield reduction was a result of decreased numbers 
of pods per plant, which Sio~it and Kramer (24) attributed to a . 
shortened flowering period and increased fl ower abscission. They also 
·found that stress during early pod formati on caused the greatest 
reduction in number of pods and seeds at harvest . These observations 
_agree well with the moisture dependent pro-embryo findings of 
Abernathy · et ·~. (1) and Swen (27), and the abort iveness work of Kato 
and Sakaguchi (17) . 
. In a test of 3 plant populations grown in two irrigation regimes 
(irrig_ation after 70 mm or 140 mm of estimated evapotranspiration), 
altho_ug h the lowest population did result in reduced yield, effects 
were smal l in comparison to those of irrigati on interval (28). · 
Extending the between-irrigation interval reduced water use 15 per 
cent, while reducing yield 34 per cent. Thi s represents less efficient 
seed and protein production. 
Dur ing · irrigation water management studies on a clay loam, Dusek 
et !l· (12) determined the optimum treatment to be i r ri gation when 
r 
available soil moisture in the top 60 em was depleted to 40 per cent 
of the available water capacity. Irrigation when 60 per cent of the 
available water remained did not increase yields significantly; 
however, delaying irrigation until only 20 per cent of the available 
water remained reduced yields considerably. The optimum treatment 
indicated high water use efficiencies when 7.6 em irrigations were 
applied during (1) early flowering, (2} late flowering at upper nodes 
and early pod filling at lower nodes, and (3) early pod filling at 
upper nodes. 
Bra(t -~-~- (6) worked with water conservation through the 
~roper ti~ing of soybean irrigations, concluding that 1/3 to l/2 .of 
the water required for full season irrigation, if applied during 
podding, results in yields equal to the full season treatment. 
Soybean responses to water deficits during specific growth 
stages led Sutherland and Danielson (26) to conclusions ·Which are 
·similar in their implicati ons to those of several authors - that 
soil moisture adequacy during podding and bean development stages of 
growth is critical (6,8,12;24,28,29). However, high soil moisture 
throug~out pod and bean development stages delays maturity, which 
could decrease yields if the growing season is restricted. The 
timing of final irrigation will involve consideration of water 
retention characteristics of the soil, evaporative demand, and 
physiolqgical maturity. 
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MATERIALS AND METHODS 
The study was conducted on a Beotia silt loam soil (Pachic Ud i c 
Haploboroll, fine-silty, mixed) on the James Va l l ey Research and 
Extension Center, near Redfield, SO, during the 1979 crop season. 
A randomized complete block design with fi ve replications 
planted and harvested was used in the field exper iment. 
9 
Soil t est results indicated sufficient available fertility for 
soybeans. Following spring cultivation, tri fl uralin (0.84 Kg/ha) and 
metribuzin (0.56 Kg/ha) were applied pre-p lant incorporated. Certified 
Hodgson s ~ybeans, maturity group I, were inocul ated and seeded in 
· 53 em rows on r~ay 18. Within~ row spacings ranged from 2. 5 to 3. 5. em. 
·Plots were 10 rows wide and 18 m in length. The six irrigation 
treatments, described in Table 1, were watered according to the . 
followi.ng stages of growth. 
(1) planting to. first bloom 
(2) full bloom through beginning pod 
(3) full pod throug~ beginning seed 
(4) full seed through beginning maturity 
. (5) maturity 
Growth stages defined, according to Fehr and Cavi ness (13): 
Planting to first bloom: Planting date un til appearance of an 
open flower any place on main stem. 
Ful l bloom: At least one open flower at 1 of 2 uppenmost nodes 
with a fully developed leaf. 
Beg inning pod: A pod 5 mm ·long at 1 of 4 uppermost nodes on main 
stem with a fully developed leaf. 
Full pod: A pod 2 em long at 1 of 4 uppermost nodes on main 
stem with a fully developed leaf. 
Beginning seed: Seed 3 mm long in a pod at 1 of 4 uppermost 
nodes on main stem with a fully developed leaf. 
10 
Full seed: At least one pod containing green seed that fills the 
~ 
pod cavity at 1 of 4 uppermost main stem nodes with a fully 
developed leaf. 
Beginning maturity: One normal pod on main stem that has reached 
its mature color. 
MatL:ity : 95 per cent of pods have reached their mature color. 
Wl 
Stage 1 + 
- 2 
3 
4 
5 
TABLE 1 
Moisture Regimes (6) to be attempted 
(+ = ir~igate; - - withhold water) 
. ~ W3 W4 W5 W6 
+ + + + + 
+ + 
+ + + 
+ + + 
+ 
Irrigation dates 
(Rain adequate) 
July 23 
August 6 
August 27 
September 11 
Water was metered to plots, and distributed through gated pipe in 
applications of 5 em at each irrigation. 
Soil moisture was determined gravimetrically after planting, and 
neutron probe readings were taken weekly throughout the reproductive 
period. These readings were converted to volumetric water content by 
use of a calibration equation derived from field data and simultaneous 
neutron readi~gs. 
To maintain an accurate seasonal log of flowering and podding 
activity , observations were made twice weekly (14) from first bloom 
through beginning maturity. Xylem pressure poten tial measurements 
and leaf samples for osmotic evaluation were ta ken twice weekly 
during the first bloom - beginning maturity per i od. 
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In each treatment of each of three replicates, three separate 
plants were randomly selected, wiih the provis ion that they represented 
normal hea lthy plants under equidistant withi n-row competition, and 
tagged for identification and observations t hroughout the study. To 
avoid cor.pl ications from branching, floweri ng and podding data from 
main stem nodes only were recorded. 
The xylem pressure potential readings were measured with a 
portable pressure chamber (4,25). Values were determined on the 
petioles of recently developed, fully expanded, sun-exposed trifoliates 
at the top of the plant canopy at the time of day of ass.umed stress 
peak, 1300- 1500 COT (3). 
The osmotic potentials of cell sap sampl es were determined with 
a thermocouple dew point meter (31). Values were measured on the 
expres ~ed sap of leaf samples which had been qui ck-frozen on dry ice 
in the field to rupture cell membranes, and stored in a deep-freeze. 
Yield component data (pod numbers, seeds per pod, and seed . 
weights) were taken from the same plants as those used in the 
floweri.ng and podding observation study. Treatment yield responses 
were calculated from the weight of seed recovered by hand harvesting 
5-row sub plots 4.6 m long. 
RESULTS AND DISCUSSION 
RAINFALL DISTRIBUTION 
Figures 1 and 2 graphically illustrate the abnormal weather 
patterns prevailing at the research site during the investigations. 
The high rainfall accumulations, particularly, became an important 
component in the final relationship of data to treatments. 
Within 3 days of each of the irrigation dates July 23, 
August 6 and 27, rainfalls in excess of 3.5 em occurred. When 
12 
these are compared to individual irrigations (5 em) the consequences 
of such s-vere disturbances to the normal weather patterns expected at 
Redfield, for which the experiment was designed, can be appreciated. 
In addition to the high rainfall, below normal temperatures were 
experienced in all growing season months except September. 
Figures 3 through 8 show the cumulative effect of each irrigation 
applicat ion superimposed on actual precipitation curves for the site. 
these actent uate the problem experienced with abnormal rainfall events 
coinciding with irrigation dates. 
SOIL MOISTURE EFFECTS 
We~kly neutron probe readings from 30, 60 and 90 em depths were 
converted to volumetric soil moisture, and tested with a two-way 
analysis of variance. No treatment differences showed statistical 
significance on day-specific comparisons. 
Realiz ing that no statistical differences occurred, I will discuss 
some trends I observed. Figures 9, 10, and 11 show the relationship of 
volumetric soil moisture between the two most extreme treatments, 
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at James Valley Research and Extension Center. 
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at James Valley Research and Extension Center. 
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growing season at James Valley Research and Extension Center (30 em). 
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24 
dryland (treatment 1) and fully irrigated (treatment 3), at 30, 60, 
and 90 em depths respectively. The relatively horizontal nature of 
the dryland moisture profile during August shows that rainfall was 
suffici ent to compensate for soil moisture depletion due to evapo-
transpi ration (ET), in spite of ET reaching its most rapid rate at 
that time (2). The more rapid decline in volumetric moisture content 
occurri ng in treatment 3 between irrigations suggests that either 
plants in this treatment were transpiring more, or that some moisture 
was being lost to deep percolation. The full array of volumetric soil 
moisture -:ontents for a 11 treatments at 30~ 60, and 90 em depths is · 
presented in Figures 12, 13, and 14~ respectively. 
Dusek et ~· {12) found eviqence of the ability of soybeans to 
thoroug hly dry out the profile of a clay subsoil to ·depths of 120 em. 
That our soil moisture profiles do not support this is -further reason 
to conclude that excessive rainfall prevented the establishment of 
~ignificant differences i~ soil moisture . 
. PLANT MOISTURE STATUS 
leaf Water Potential 
leaf water potential readings were made during the hours of 
assumed peak stress, 1300-1500 COT. This imposed a severe time 
restrict ion on measurements, limiting the number of replicates whi_ch 
could be sampled to 2. An example of one day's measurements of 
~leaf is presented in Table 2. Not only are there no obvious trends 
within these data, but the size of the standard deviation terms 
prohibit comparisons among treatments. The analysis of variance of 
Figure 12. Full array of volumetric soil moisture contents for each treatment, 30 em depth. 
DEPTH S3 C~·1 
.31 
.sa 
3 
. 29 3 s 
~ .29 ~ .@ 
2 
6 s 
B 3 ~ 
il 3 8 
2 t:J .Zl s 2 g 5 a {~ s 
§ .28 ·S 8 2 " 6 3 H 1 5 9 4 1 4 s g ..:. 
~ u .25 " 2 e .... 1 .4 
~ 2~ 1 1 1· 8 s . 
" 1 1 5 > .23 . - - ·-- --.-- . . . 
1 
~ 
tg 
m 
~ ~ m I ... ,., ~ ··~ ~ ~ £ 
Julian Date Jt.L · ~;:; SEP -· 
N 
0'1 
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Figure 14. Full array of volumetric soil moisture contents for each treatment, 90 em depth. 
DCPTH sa cr.1 
Sample No. 
1 
2 
3 
4 
5 
6 
Treatment 
Average 
Stan·dard 
Deviation 
Table 2 
Leaf water potential data taken over two 
replicates on Augus t 13, 1979. 
Irrigation Treatment No. 
I 2 3 4 5 
Leaf water potentials observed, bars. 
10.0 9.3 11. 2 8.9 10.1 
10.2 9. 3 10.7 8.1 10.0 
10.1 9.5 10.1 9.0 10.6 
7.6 7.3 7. 4 8.2 10.1 
6.9 7. 9 7. 2 8.4 . 10.7 
7.0 7.2 8.4 8.5 10.2 -
8.63 8.42 9.'17 8.52 10.28 
1.63 1.07 1. 73 0.37 0.29 
28 
6 
9.6 
9.3 
_, 
I 
7.6 
8.4 
6.·8 
6.2 
7.98 
1.36 
these data is presented in Appendix I. Two- way analyses of variance 
were applied to the data for each day. No differences were detected 
between treatments at the 5 per cent l evel. However, readings taken 
on August 13 (Table 2), and date from each subsequent sampling 
29 
(Tables 3, 4, 5, and 6) show sig~ificant differences between replicates 
(analyses of va~iance presented in Appendices I, II, III, IV, and V). 
This indicates that treatment values ·differed between replicates. The 
two factors influencing this relat ionship are between-replicate 
locations, and the time factor between sampling of replicates. Leaf 
water pot~ntial is very sensitive t o time on a diurnal basis (3). On 
the basis that no between-replicate differences were detected prior 
to August 13, the inference that .there are no differences between 
repl icates due to site can be justi f ied. This means that an assumption 
that replicate leaf water potent ial differences due to ·time can be 
made , allowing use of the sampling error term to test F val.ues. With 
this procedure, significarit differences between tieatments were 
detected on August 11, 24, 27, Sept ember 4 and 11. Results of LSD 
tests at t 0•05 on these days are presented in Table 7. These results 
show good agreem~nt with those expected, as treatments 3, 4 and 5 
received irrigation 6n August 27. 
leaf Osmotic Potential 
Thermocouple dew point meter readings of expressed cell sap, in 
microvolts, were converted to osmotic values, in bars, using a 
regression equation. The regression equation for each sampling date 
was derived by graphing the read ings from KCl standard solutions 
Sample No. 
1 
2 
3 
4 
5 
6 
7 
8 
. 9 
10 
. Treatment 
Average 
Standard 
Dev iation 
Table 3 
Leaf water potential data taken over two 
replicates on August 24, 1979 
Irrigati on Treatment No. 
1 2 3 4 5 
Leaf water potentials observed, bars. 
10.8 10.0 9.8 10.8 12.8 
11.8 12.8 8.8 9.0 13.6 
12.4 11.4 7.5 8.8 14.4 
8.4 10.8 9.6 11.4 12.4 
11.8 12.8 9.6 11.4 12.4 
9.2 9.2 10 ~ 6 8.6 9.0 
9.4 12.2 7.2 6.4 9.6 
8.7 11.4 8.8 7. 0 9.6 
9.2 12.0 6.0 7.2 9.6 
9. 2 12.6 6.3 7.2 9.6 
10.09 11.52 8.42 8.78 11.30 
1.47 1.22 1.58 1.88 2.01 
30 
6 
13.2 
11.6 ., 
11.4 
9.8 
9.2 
11.4 
11.8 
10.6 
8.8 
8.8 
10.66 
1.47 
Sample No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Treatment 
Average 
Standard 
Dev iation 
Table 4 
Leaf water potential data taken over two 
replicates on August 27, 1979. 
Irrigation Treatment No. 
1 2 3 4 5 
leaf water potentials observed, bars. 
12.2 14.2 12. 8 10.0 13.2 
15.2 15.0 12. 3 9.6 13.4 
13.8 10.6 14.0 12.3 14.6 
14.2 13.2 11.3 l0.8 12. a· 
14.2 10.6 14.6 13.2 12.4 
10.8 11~ 8 11.4 9.5 10.4 
10.0 12.8 8.4 12.2 10.4 
10.0 13.2 9.0 9. 0 11.6 
10.6 12.4 10.8 9.6 8.8 
10.4 12.6 7.6 11.5 9.6 
12.14 12.64 11.22 10.77 11. 72 
2.03 1. 40 2. 33 1.45 1.87 
31 
6 
12.2 
11.0 l'l 
10.0 
12.0 
. 11.2 
9.6 
13.0 
13.8 
13.0 
10.6 
11.64 
1.39 
32 
Table 5 
leaf water potential data taken over two 
replicates on September 4, 1973 
Sample No. Irrigation treatment No. 
1 2 3 4 5 6 
leaf water potentials observed, bars. 
1 15.4 14.6 14.6 15.4 14.8 15.2 
2 15.0 15.6 13.4 13.6 15.4 14.4 , I 
3 13.8 13.8 12.2 11.4 13.8 15.5 
4 13.6 15.2 13.4 13.6 14.8 14.2 
5 12.8 13.8 14.4 10.8 12.2 15.2 
6 13.8 14~4 12.0 12~8 14~4 13.8 
7 14.2 14.8 12.2 8.8 9.8 16.2 
8 15.2 16.2 14.4 9.8 9.6 13.8 
Treatment 
Average 14.23 14.80 13.33 12.03 13.10 14.79 
Standard 
Deviation 0.90 0.84 1.08 2.21 2.31 0.87 
33 
Table 6 
Leaf water potential data taken over two 
replicates on September 11, 1979. 
Sample No. Irrigation Treatment No. 
1 2 3 4 5 6 
leaf water potentials observed, bars. 
1 14.4 15.2 12.4 13.8 11.0 15.8 
2 14.2 14.2 11.4 11.2 10.0 14. 6. 
3 12.2 13.8 13.4 13.8 10.0 15.0 
4 15.2 12.6 13.4 13.4 15.6 15.0 
5 13.4 14.6 _10.6 10.0 10.8 13.8 
6 14.4 13~8 11.2 12.2 12~4 12.8 
7 14.2 16.0 9.8 9.6 13.0 14.8 
8 12.2 13.6 9.8 10.4 14.4 14.4 
Treatment 
Average 13.78 14.23 11.50 11.80 12.15 14.53 
Standard 
Deviation 1.09 1.04 1.45 1.74 2.08 0.90 
Date 
August 13 
August 2t 
August 27 
September 4 
September 11 
Table 7 
Treatments which were stressed more than 
the fully irrigated beans (LSD<0.05). 
Treatments stressed more 
than fully irrigated 
5 (expect 1 and 5) 
34 
2, 5 and 6 (expect 1, 2 and 5) 
1, 2 and 6 
·I 
I 
(mi crovolts) against the known values of KCl standards (bars), 
corrected for the sample chamber temperature at the time samples were 
measured. Correlation coeffici ents of these regressions were in the 
range of 0.99- 1.00, indicating that great confidence ~an be placed 
on t he accuracy of these determinations. A sample of the values 
obtained in this determinat ion for August 13 is presented in Table 8. 
The anal ysis of vari ance table for this data is presented in 
Appendix VI. 
35 
Coefficients of variation ranged from 7.8 through 26.9 per cent. 
w·ith in tr·Jatment variability of this magnitude contributed to large 
erro r terms in the two-way analysis of variance tables, so no ·between-
treatment differences could be detected. 
The variability within treatments is suggested as being due to 
the overriding influence of between-plant competition for moisture 
diminishing the effect of any mqisture status differences between 
treatments. 
Flower and Podding Activity 
Matrices were formed for each node of each recorded plant for 
each day, and recorded in computer tape files. An example 4 file 
pri ntout of matrices app~ars in Appendix VII. Programs were 
devel oped t o summarize for each plant, the total number of flowers _and 
total pods, new flowers and pods formed, and flowers and pods that 
had aborted since t he last sampling date for that plant. Sample 
tabl es of raw data for each character; tot~l flowers, total pods, new 
flowers, new pods, abo rted flowers and aborted pods are presented for 
Table 8 
Leaf osmotic potential readings converted to bars from 
microvolts, for two replicates on August 13, 1979. 
Sample No. Irrigation Treatment No. 
1 2 3 4 5 6 
Osmotic potentials observed, bars 
1 11.91 11.18 12.49 9.48 11.33 10.31 
2 11.76 14.52 11.76 11. 76 12.34 12.78 
3 12.05 10.31 12.20 10.31 12.34 12.34 
4 11.18 11.76 12.34 11 .. 18 12.78 11.18 
5 11.91 11.62 11.76 11.18 12.92 10.74 
6 11.47 11.91 11.76 11.33 13.07 9.73 
7 10.60 11.33 11.91 10.74 11.33 10.16 .. 
8 10.89 12.34 11.76 10.89 11.62 10.60 
9 11.91 11.62 . 10.02 11.04 10.45 11.76 
10 12.92 10.31 11.47 12.49 11.04 11.76 
11 11.76 10.60 10.89 11. 91 11.47 12.78 
12 12.63 12.49 10.89 10.31 10.60 12.78 
Treatment 
Average 11.75 11.66 11.60 11.08 11.77 11.41 
Standard 
Deviation 0.66 1. 15 0.70 0.74 0.90 1.11 
36 
37 
Aug ust 2 in Tables 9, 10, 11, 12, 13 and 14. The two-way analyses of 
variance on this data are presented in Appendices VIII, IX, X, .XI, 
XII and XIII. Of these ana lyses, only the flowers .aborted as of 
August 2 showed any differences between treatments at the 0.05 level. 
At that time only treatments 2 and 3 had been irrigated, and yet their 
rel ative rankings showed no consistent pattern with water treatment. 
Nine-plant average tabl es were derived for each treatment and 
converted to daily average changes in each character. This allowed a 
comparison between treatments of the reproductive profiles of plants 
over time The magnitude of standard deviations contributes to the 
absence of obvious trends withi n the data. As an example, the 9 plant 
average table of treatment 5 is presented in Appendix XIV. 
Yield Data 
Treatment yield data are reported in Table 15 in units of 
kilpgrams per hectare, with t he corresponding analysis of variance 
table. There are no differences between treatments. The 8 per cent 
coefficient of variation is sufficiently low to allow the expression 
of yield responses, had they occurred. 
Yie ld Components 
Total number of pods, number of seeds, and 100 grain weights 
were recorded for each of the 54 plants used in the flower and pod 
documentations study and are presented in Tables 16, 17 and 18. 
Anal yses of variance conducted on these data (see Appendices XV, XVI, 
and XVII) reveal no di fferences among treatments. However, within the 
rel ative rankings of t r ea t ments, water regimes 4 and 6 tend to be 
Plant No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
Treatment 
Average 
Standard 
Deviation 
Table 9 
Total flowers present on August 2, 1979. 
1 
25 
36 
21 
9 
28 
22 
29 
32 
22 
24.89 
7. 79 
Irrigation Treatment No. 
2 
actual 
23 
25 
37 
37 
28 
25 
22 
26 
42 
29.44 
7.26 
3 4 
fl owe.rs counted 
25 
20 
33 
.. 33 
35 
30 
21 
22 
25 
27.11 
5.73 
33 
42 
25 
36 
26 
39 
25 
31 
23 
31.11 
s 
23 
26 
29 
38 
36 
39 
35 
35 
30 
32.33 
5.57 
6 
28 
30 
35 
39 
26 
34 
15 
8 
34 
28.00 
9.68 
38 
Plant . No. 
1 
2 
3 
4 
5 
6 
1 
8 
9 
Treatment 
Average · 
Standard 
Deviation 
Table 10 
Total pods present on August 2~ 1979. 
1 
22 
14 
41 
19 
29 
18 
23 
22 
25 
23.67 
7.78 
Irrigation Treatment 
2 
actual 
26 
18 
20 
19 
33 
17 
20 
15 
20 
20.89 
5.44 
3 4 
pods counted 
25 
29 
19 
34 
15 
19 
18 
15 
23 
21.89 
6.47 
25 
24 
28 
19 
23 
35 
30 
27 
35 
27.33 
No. 
5 
22 
30 
27 
22 
18 . 
12 
27 
18 
23 
22.11 
5.56 
6 
17 
15 
25 
22 
28 
30 
28 
27 
17 
23.22 
5.15 
39 
Table 11 
New flowers present on August 2~ but formed since July 30, 1979. 
Pl ant No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
Treatment 
Average 
Standard 
Deviation 
1 
8 
12 
5 
0 
9 
5 
8 
7 
9 
7.00 
3.39 
lrri~ation Treatment No. 
2 
actual 
9 
11 
15 
10 
9 
6 
7 
9 
7 
9.22 
2.68 
3 4 
flowers counted 
9 
10 
11 
·10 
7 
11 
8 
7 
8 
9.00 
1.58 
14 
16 
8 
8 
8 
11 
10 
11 
9. 
10.56 
5 
7 
15 
8 
12 
11 
13 
12 
7 
12 
10.78 
2.82 
6 
10 
10 
13 
12 
4 
12 
6 
3 
10 
8.89 
3.66 
40 
Table 12 
New pods present on Augus t 2, but formed since July 30, 1979. 
Plant No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
Treatment. 
Average 
Standard 
Deviation 
1 
8 
6 
12 
4 
19 
9 
9 
11 
8 
9.56 
4.28 
Irri gat ion Treatment No. 
2 3 4 
new pods observed 
8 
4 
12 
12 
14 
12 
9 
6 
13 
10.00 
3.43 
ll . . 
9 
10 
·18 
11 
6 
9 
5 
8 
9.67 
3.74 
11 
9 
17 
6 
10 
18 
19 
12 
8 
12.22 
5 
13 
12 
12 
11 
12 
9 
14 
12 
10 
11.67 
1.50 
6 
11 
8 
3 
11 
12 
14 
9 
5 
8 
9.00 
3.46 
41 
Table 13 
Flowers aborted between July 30 and August 2~ 1979. 
Plant No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
Treatment 
Average 
Standard 
Deviation 
1 
1 
3 
0 
0 
1 
2 ' 
1 
0 
2 
1.11 
1.05 
Irrig~tion Treatment No. 
2 3 4 
number of flowers aborted 
0 
3 
0 
4 
0 
0 
1 
0 
2 
1.11 
1. 54 
0 
5 
4 
· 1 
2 
0 
3 
1 
3 
2.11 
1.76 
0 
1 
1 
3 
1 
0 
2 
2 
4 . 
1.56 
5 
2 
2 
2 
3 
2 
0 
1 
2 
0 
1.56 
1.01 
6 
3 
3 
2 
2 
4 
3 
7 
6 
1 
3.44 
1.94 
42 
Table 14 
Pods aborted between July 30 and August 2, 1979. 
Plant No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 . 
Treatment · 
Average 
Standard 
Deviation 
1 
0 
0 
0 
1 
3 
o· 
0 
0 
1 
0. 5'6 
1. 01 
Irrigation }reatment No. 
2 3 4 
number of pods aborted 
1 
0 
0 
0 
0 
0 
1 
0 
0 
0.22 
0.44 
0 
1 
0 
·a 
0 
0 
1 
0. 
0 
0.22 
0.44 
1 
0 
0 
0 
0 
0 
0 
0 
1 ' 
0.22 
0.44 
5 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0.22 
0.67 
6 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0.22 
0.44 
43 
Table 15 
Yields of soybeans in a fiel d experiment at Redfield, 1979, 
Repli cate 
1 
2 
3 
4 
5 
Treatment 
Average 
Standard 
Dev iation 
Source 
Treatment 
rep licate 
experimental 
error 
Total 
and analysis of variance in the data. 
Treatment 
1 2 3 4 5 6 
yield, Kg/ha 
2314 2486 2470 2716 2416 2556 
2445 2421 2101 2032 2355 2597 
2384 2179 1938 2277 2244 2606 
2322 2302 2450 2524 2655 2277 
2691 2577 2606 2228 2384 2306 
2431 2393 2313 2355 2423 2468 
155 15Q_ 280 267 154 163 
d. f. s. s. M.S. F 
5 17.5 3.50 0.415 
4 49.8 12.40 
20 170.0 8.43 
29 237.3 
44 
Table 16 
Total number of pods per plant at harvest for each of the 
plants tagged for the reproductive behavior study. 
Pl ant No. Irrigati on Treatment No. 
1 2 3 4 5 6 
1 51 30 74 59 .21 46 
2 58 57 41 110 50 36 
3 52 53 22 37 26 . 72 
4 35 44 '65 27 50 91 
5 74 81 55 33 72 43 
6 40 46 65 120 54 40 
7 .43 44 - 37 54 44 44 
8 43 29 47. 57 38 85 
9. 44 38 36 45 70 46 
Treatment· 
Average 48.89 46.89 49.11 60.22 47.22 55.89 
Standard 
Deviation 11.69 15.83 16.89 33.01 17.42 20.89 
45 
1' 11•1111"' 
Table 17 
Total number of seeds per plant at harvest for· each of the 
plants tagged for the reproductive behavior study. 
Plant No. 
1 
2 
3 
4 
5 
6 
7 
8 
9. 
Treatment 
Average 
Standard 
Deviation 
1 
111 
119 
119 
79 
139 
101 
103 
99 
89 
106.56 
17.85 
Irrigation Treatment No. 
2 
67 
119 
149 
99 
177 
93 
105 -
67 
91 
107.44 
36.27 
3 
163 
96 
51 
137 
118 
137 
83 
1ll 
87 
109.22 
34.02 
4 
130 
215 
83 
52 
72 
263 
125 
135 
97 · 
130.22 
68.66 
5 
46 
111 
59 
125 
175 
121 
110 
89 
153 
109.89 
41.17 
6 
101 
81 
162 
189 
88 
79 
98 
174 
105 
119.67 
42.92 
46 
Table 18 
O~e hundred grain harvest weight for each of the plants 
tagged for the reproducti ve behavior study. 
Plant No. 
1 
2 
3 
4 
5 
6 
7 
8. 
9 
Treatment 
Average 
Standard 
Deviation 
Irrigation Treatment No. 
1 2 3 4 5 6 
·weight per 100 grains, grams 
14.54 17.03 15.90 13.45 18.98 14.68 
17.11 14.92 16.68 16.86 15.68 16.36 
17.49 14.56 15.80 16.08 13.76 16.98 
15.35 16.35 12.31 . 14.88 13.44 18.60 
13.94 15.40 . 13.03 13.82 13.07 14.26 
16. 71 16. 43 ' 16. 15 13. 59 . 14. 59 16.'87 
17.46 15.03 16 . .77 12.52 14.68 16.20 
15.59 13.00 13.77 17 .·13 15.06 15.70 
16.16 14.05 13.94 13.28 16.34 16.32 
16.04 15.20 14.93 14.62 15.07 16.22 
1.28 1.27 1. 67 1 •. 69 1.80 1.28 
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qui te consistently higher than other treatments for both total pods 
and total seeds. No explanation is offered to account for this · 
observation. Results do bear out the close relationship between 
number of seeds and number of pods which Schow et ~· (23) had 
observed in the presence of significant yield differences, confirming 
that seeds per pod is not a major variable soybean yield component. 
The slightly larger seeds of treatment 6 could be interpreted as 
being an expression of compensatory growth unaer the theory of 
Dominguez and Hume (11) that early season moisture shortages promote 
the root development of these plants, to the extent that stress during 
bean filling gave these plants an advantageous moisture status; 
however, it is questionable that soil moisture contents did var.y 
sufficiently to bring this about . 
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SUMMARY AND CONCLUSIONS 
The significantly different leaf water potentials on 
August 13, 24 and September 11 are evidence that soil moisture 
conditions prevailed which did allow the expression of increased 
peak stress by plants in unirrigat~d treatments. However, no 
statistical differences in soil moisture status were detected between 
treatments as measured on a specific date. Although osmotic 
potentials are indicators of the recent plant history with 
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respect to moisture status, osmotic potential values failed to reflect 
these differences. Between-plant variabil1ty in flowering and podding 
activity effectively eliminates the possibility of _ between-treatment· 
trends developing within the profiles of .flower and pod formation and 
abscission. Although some trends of behavior are discussed in the 
yield component data, the final yield responses to irrigation 
application are testimony to the futility of supplemental moisture 
applications during the 197~ season at Redfield. 
The unseasonal coincidence of late season rainfall with 
irrigation treatments emphasizes the impact of environmental variables 
· on field experiments of this nature. Consequently, the results 
reported in this study can neither prove nor disprove the assumption 
that a soil moisture deficit could evoke a plant moisture response 
that would ultimately affect the reproductive behavior of the plant. 
Boyer (3) raises questions about the validity of the reading I 
used for the end-point of leaf water potential in soybeans. He also 
suggests that sundown observations provide a more accurate estimate 
I I 
I 
of soybean water need than the peak daily stress indicator I used. 
These factors may have contributed to the variability of my readings. 
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To be assured of soil moisture differences developing in an 
experiment of this type, either l_ighter or shallow soils of limited 
water holding capacity should be considered, or manipulation of the 
plant environment (rainshelters and/o~ potometers) would be necessary. 
The validity of results obtained under artificial conditions is then 
subj ect to question; however, some method of limiting moisture 
avail ability must be imposed to prevent the yield-buffering capacity 
of the soybean from mitigating the expression of reproductive respon~e. 
Unfortunately, volumetric soil moisture was not monitored beyond 
September 11, since no significant rainfa1ls occurre~ between 
September 1 and harvest (October 7). It is not expected that 
sign ificant differen.ces would have occurred between treatments; 
however, some relationships coul~ have developed· to help ex~lain 
trends within the yield component data. 
Since reproductiv~ growth is so intimately associated with yield 
·determination in soybeans, full comprehension of this phase of crop 
development is vital to making the economic consequences of 
irrigation planni~g more apparent. 
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Appendix I: Two-way analyses of variance for ~leaf data of 
August 13, 1979. 
Source 
Treatment 
Replicate 
Exp. Error 
Sampling Error 
Total 
d. f. 
5 
1 
5 
24 
35 
F1 = experimental error 
. 2 
F = sampling error 
s. s. M.S. F1 F2 
19.5 3.9 1.54 11.82** 
23.7 23.7 
12.6 2.5 
7.9 0.3 
63.7 
Appendix .!!: Two-way analysis of variance for ~leaf data of 
August 24, 1979. 
Source d. f. s. s. M.S. Fl F2 
Treatment 5 83.3 16.7 3.65 11.06** 
·Replicate 1 47.3 47.3 
Exp. Error 5 22.9 4.57 
Sampling Error 48 72.6 1. 51 
Total 59 226.1 
Fl = experimental error 
F2 ::o sampling error 
·Appendix -III: Two-way analysis of variance ·for ~leaf data of 
August 27, 1979. · 
Source d. f. s. s. M.S. Fl F2 
Treatment 5 21.8 4.35 0.49 2.59* 
Replicate 1 45.9 45.9 
Exp. Error 5 44.8 8.96 
Sampling Error 48 80.7 1.68 
Total 59 193.2 
F1 = experimental error 
F2 = sampling error 
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Appendix IV: Two-way analysis of variance for ~leaf data of 
September 4, 1979. 
Source d. f. 
Treatment 5 
Replicate 1 
Exp. Error 5 
Sampling Error 36 
Total 47 
Fl = experimental error 
F2 = sampling error 
Treatment 
Replicate 
Exp. Error 
Sampling Error 
Total 
d. f. 
5 
1 
5 
36 
47 
F1 = experimental error 
F2 = sampli.ng error 
s. s. M.S. Fl 
47.8 9.56 2.10 
15.5 15.5 
22.8 4.56 
57.2 1.59 
143.3 
s. s. M.S. F1 
70.7 14.1 3.37 
7.8 7.84 
20.9 4.18 
58.8 1. 63 
158.2 
· ·Appendix · v.I: Two-way ana 1 ys is of varia nee for 'l'n data of 
August 13, . 1979. 
Source d. f. s. s. M.S. F 
F2 
6.01** 
8.65** 
Treatment 5 4.11 0.82 0.53 N.S. 
Replicate 1 1.78 1. 78 
Exp. Error 5 7.80 1.56 
Sampling Error 60 43.40 0.72 
Total 71 57.09 
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Appendix VII: Matrix format of raw flower and podding data, for a 
single plant on four consecutive days. Large matrix 
refers to main flowering racemes. Individual columns 
represent separate nodes with basal nodes on left. 
Rows represent individual sites on each flowering 
raceme. Smaller matrices represent right and left 
auxiliary flowering racemes for each node. Each 
successive file represents a subsequent day's 
observations. Within the matrices 
F = flower present in that position; P = pod; A= aborted 
flower; S = aborted pod; = = no reproductive structure 
present. 
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Appendix VIII: Two-way analysis of variance in total flowers present 
on August 2, 1979. 
Source d.f. 
Treatment 5 
Replicate 2 
Exp. Error 10 
Sampling Error 36 
Total 53 
s. s. 
333 
178 
711 
1650 
2872 
M.S. 
66.7 
89.2 
71.1 
.45.9 
· F 
0.938 
.Appendix IX: Two-way analysis of variance in total pods present on 
August 2, 1979. 
Source 
Treatment 
Replicate 
Exp. Error 
Sampling Error 
Total 
d. f. 
5 
2 
10 
36 
53 
s. s. 
23.0 
7.8 
361. 0 . 
1420.0 
2018.8 
M.S. 
46.0 
3.9 
36.1 
39.4 
F 
1.274 
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· · App~ndix X: Two-way analysis of variance in new flowers formed between 
July 30 and August 2, 1979. 
Source 
Treatment 
Replicate 
Exp. Error 
Sampl ·ing Error 
Total 
d. f. 
5 
2 
10 
36 
53 
s. s. 
83.7 
52.5 
70.-4 
281.0 
497.6 
M.S. 
16.7 
·26. 2 
7.04 
7.81 
F 
2.372 
·· Appendix XI: Two-way analysis of variance in new pods formed between 
July 30 and August 2, 1979. 
Source d. f. s.s. M.S. F 
Treatment 5 74.5 14. g· 1.668 
Replicate 2 39.2 19.6 
Exp. Error 10 89.3 8.93 
Sampling Error 36 513.0 "14.3 
Total 53 715.0 
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AEEendix XII: Two-way analysis of variance in flowers aborted 
between July 30 and August 2, 1979. 
Source d. f. s. s. M.S. F 
Treatment 5 36.2 7.24 3.914* 
Replicate 2 2.81 1.41 
· Exp. Error 10 18.5 1.85 
Sampling Error 36 84.0 2.33 
Total 53 141.5 
ApEendix XIII: Two-way analysis of variance in pods aborted 
between July 30 and August 2, 1979. 
Source d. f. s. s. M.S. F 
Treatment 5 0.83 0.167 0~474 
Replicate 2 0.33 0.167 
Exp. Error 10 5.00 0.500 
Sampling Error 36 12.70 0.352 
Total 54 18.86 
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Appendix XV: Two-way analysis of variance in the total number of 
pods present at harvest, on each of the plants used 
for floral observations. 
Source 
Treatment 
Replicate 
Exp. Error 
Sampling Error 
Total 
Appendix XVI: 
Source 
Treatment 
Replicate 
Exp. Error 
Sampling Error 
Total 
Appendix XVII: 
Source 
Treatment 
Replicate 
Exp. Error · 
Sampling Error 
Total 
d. f. s. s. M.S. F 
5 1.33E 03 265 1.30 
2 1.09E 03 543 
10 2.04E 03 . 204 
36 1.69E 04 469 
53 2.13E 04 
Two-way analysis of variance in the total number 
of seeds per plant on each of the plants used for 
floral observations. 
d. f. s. s. M.S. F 
5 3.90E 03 · 7.80E 02 0.801 
2 3.27E 03 1.64E 03 
10 9.74E 03 9.74E 02 
36 7.53E 04 2.09E 03 
53 9.22E 04 
Two-way analysis 'of variance in the 100 grain 
weight of seed harvested from plants used for 
floral observations. 
d. f. s. s. ·M.S. F 
5 18.4 3.67 . 1. 835 
2 9. 92 4.96 
10 20.0 2.00 
36 80.4 2.23 
53 128.72 
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